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Clinical characteristics and angiographic ventricular vol- 
ume data were obtained in 25 infants aged 1 to 66 days who 
presented with coarctation of the aorta, ventricular septal 
defect and congestive heart failure to determine if left 
ventricular volume loading was present and if there were 
hemodynamic or volumetric variables that were predictive 
of operative mortality in this group. 
Pulmonary to systemic flow ratio averaged 2.8 f 0.8 
and right ventricular/left ventricular peak pressure ratio 
was 0.96 -C 0.12. Left ventricular end-diastolic volume 
averaged 116 f 49% of normal and was less than the 
investigators’ lower limit of normal in 5 (20%) of 25 
patients. In contrast, right ventricular end-diastolic vol- 
ume, measured in eight patients, averaged 173 f 47% of 
normal and was greater than the investigators’ upper limit 
of normal in seven (88%) of eight. Left ventricular ejection 
fraction averaged 0.47 f 0.17 and was below normal 
(<OS) in 14 (58%) of 24 patients. Preoperative volume 
and ejection fraction data did not differ in infants with 
coarctation plus ventricular septal defect and a similar 
group of 19 infants with isolated coarctation. Abnormal left 
ventricular operative volume distensibility was inferred by 
normal or decreased left ventricular end-diastolic volume 
and increased left ventricular end-diastolic pressure (>12 
mm Hg) in 12 (55%) of 24 patients. 
Early plus late mortality was related to left ventricular 
size: 3 of 5 patients with a small left ventricular end- 
diastolic volume died, compared with only 4 of 20 with a 
normal or increased volume (p < 0.05). Low left ventricu- 
lar ejection fraction was not related to mortality; 2 of 14 
patients with a low versus 3 of 10 with a normal ejection 
fraction died (p = NS). Repeat catheterization was carried 
out between 1.4 and 28 months after coarctation repair in 
14 patients. Two patients with an initial small left ventricle 
had normal left ventricular size and five of seven patients 
with a prior low left ventricuhu ejection fraction had a 
normal ejection fraction. Leff ventricular end-diastolic 
volume averaged 124 + 60% of normal and left ventricular 
ejection fraction averaged 0.63 + 0.11 (p < 0.01 versus 
preoperative value) for all 14 patients. 
Respite a marked increase in pulmonary to systemic 
flow ratio, left ventricular end-diastolic volume remains 
normal or small in the majority of infants with coarctation 
and a large ventricular septal defect. Normal or low left 
ventricular end-diastolic volume in these patients in com- 
bination with increased right ventricular end-diastolic vol- 
ume suggests a prominent atrial left to right shunt, which 
may partially be related to decreased left ventricuhu com- 
pliance. Abnormalities of left ventricular pump function 
are common in these patients but are primarily related to 
afterload mismatch or irreversible contractile function de- 
pression, or both. 
(J Am Co11 Cardiol1989;14:1545-52) 
Infantile coarctation of the aorta associated with a large 
ventricular septal defect remains a condition with a rela- 
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tively high morbidity and mortality (l-5). We (6) previously 
studied infants with symptomatic coarctation without a 
ventricular septal defect and found that these patients had a 
normal to small left ventricular end-diastolic volume and a 
markedly depressed left ventricular ejection fraction that 
reverted to normal after successful operation. Theoretically, 
infants with coarctation plus a large ventricular septal defect 
might be expected to show different volume characteristics 
with left ventricular volume overload secondary to a large 
ventricular left to right shunt. In addition, ventricular vol- 
1546 GRAHAM ET AL. 
VENTRICULAR VOLUMES IN INFANT COARCTATION 
JACC Vol. 14, No. 6 
November 15, 1989~1545-52 
ume data in this setting might be useful in assessing possible Table 1. Patient Characteristics and Hemodynamics in 25 Patients 
risk factors for a poor surgical result. at Presentation* 
We reviewed clinical characteristics as well as cardiac 
catheterization and angiographic volumetric data of infants 
presenting with ventricular septal defect and coarctation. 
Our aim was to determine whether left ventricular volume 
loading did occur and whether there were hemodynamic or 
volumetric variables that were predictive of surgical mortal- 
ity. 
Variable Mean & SD Range 
Age (d) 
Heart rate (beatslmin) 
CTR 
QP~Qs 
VSDlAot 
MPAlAot 
Coa gradient (mm Hg) 
RVPlLVP 
RVEDP (mm Hg) 
LVEDP (mm Hg) 
LAP-RAP (mm Hg) 
RPA (units) 
17 r 16 lJ% 
147 s 12 125-166 
0.64 + 0.05 0.60-0.74 
2.79 + 0.80 1.70-4.00 
0.86 t 0.31 0.44-1.42 
1.62 2 0.28 l.lC2.41 
31 ? 24 8-116 
0.96 5 0.13 0.67-I .30 
12 2 6 4-30 
14 2 6 7-30 
5.3 + 4.7 O-17 
6.0 & 4.3 0.9-14.9 
Methods 
Study patients. Clinical characteristics as well as cardiac 
catheterization and angiographic data were reviewed in 25 
infants <3 months of age who presented between January 
1972 and July 1986, at Vanderbilt Medical Center with 
ventricular septal defect and coarctation of the aorta along 
with a clinical diagnosis of congestive heart failure. Data 
were obtained during routine diagnostic cardiac catheteriza- 
tion. Right and left heart volume data were obtained by 
previously published methods (6,7) and compared with nor- 
mal values. Normal values for left ventricular end-diastolic 
volume were obtained from 25 patients (40.35 m2) whose 
diagnoses included vascular ring or mild pulmonary stenosis. 
Data were previously reported on 12 of these patients (7,8) 
and had been acquired since those publications in 13 pa- 
tients. From these normal data, left ventricular end-diastolic 
volume can be predicted from body surface area by the 
equation left ventricular end-diastolic volume = 74.3 (body 
surface area)‘.49 (r = 0.982). This equation was derived using 
exponential curve fitting as previously described (8). A 
similar relation was shown by our group for the right 
ventricle (8) and by Nakazawa et al. (9) for both the right and 
the left ventricle. Left ventricular end-diastolic pressures 
obtained in six of these patients by way of a patent foramen 
ovale were used for normal comparison. 
The patient characteristics are summarized in Table 1. 
Oxygen determinations for shunt measurements were made 
by reflectance oximetry. Patients with associated mitral 
valve disease either detected at initial catheterization or 
evident at subsequent follow-up were omitted from the study 
as were patients with aortic valve disease. Bicuspid aortic 
valve without a gradient was not used as an indication for 
exclusion. The age at initial study ranged from 1 to 66 days 
(average 17); 20 of the 25 patients were ~30 days of age. All 
patients had severe cardiomegaly with an average cardiotho- 
racic ratio of 0.64. 
Cardiac catheterization data (Table 1). The ventricular 
septal defects in the 25 patients were large with the ventric- 
ular septal defect/aortic ratio averaging 0.86. The defect was 
perimembranous in 16, muscular in 6, subpulmonary outlet 
in 1 and perimembranous plus muscular in 2. There were no 
differences in ventricular volume data between patients with 
*Coa gradient = peak systolic pressure difference across the coarctation; 
tAortic and main pulmonary artery dimensions measured just distal to sinuses 
of Valsalva on angiograms. CTR = cardiothoracic ratio; LAP-RAP = left 
atrial-right atrial mean pressure gradient; LVEDP = left ventricular end- 
diastolic pressure; MPNAo = ratio of main pulmonary artery to ascending 
aorta dimension; QpiQs = pulmonary to systemic flow ratio; RPA = pulmo- 
nary artery resistance (units, m*; mean pulmonary pressure minus mean left 
atrial pressure divided by pulmonary blood flow estimated as 8.8 mumin per 
kg); RVEDP = right ventricular end-diastolic pressure; RVP/LVP = ratio of 
peak right ventricular to left ventricular pressure; VSD/Ao = ratio of 
ventricular septal defect to ascending aorta dimension. 
a muscular versus a perimembranous defect and, thus, they 
were analyzed together. 
The mean pulmonary artery was also large with an 
average pulmonary artery/aortic ratio of 1.62. Left to right 
shunting was prominent with a pulmonary to systemic flow 
ratio averaging 2.79. There was severe elevation of right- 
sided pressure with right ventricular/left ventricular pressure 
ratio averaging 0.96. One patient had a slightly higher right 
than left ventricular pressure recorded; these pressures were 
not obtained simultaneously and the large ventricular septal 
defect size suggested that simultaneous pressures would 
have been equal. The coarctation gradient varied widely 
because of variations in cardiac output and in degree of 
ductal constriction or dilation. 
A foramen ovale was crossed in 23 of the 2.5 patients. No 
patient as assessed by angiography or by subsequent course 
was believed to have a true secundum atria1 septal defect. 
The average mean gradient between left and right atrium was 
5.3 mm Hg. 
Operative procedures (Table 2). Initial coarctation sur- 
gery was carried out shortly after catheterization in 24 
patients. Operation usually consisted of coarctation repair 
by subclavian angioplasty and pulmonary artery banding (5). 
Banding was performed in 20 of 24 patients consistent with 
our policy at the time of surgery to perform this procedure in 
all patients with congestive heart failure and a large defect 
(5). The decision not to band was made in four patients who 
were thought at initial catheterization to have only a moder- 
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Table 2. Operative Data in 25 Patients 
A. Initial Operation n Deaths 
Subclavian flap + PA band 
Subclavian flap alone 
End to end anastomosis t 
PA band 
Patch graft t PA band 
Patch graft alone 
None* 
Total 
IS I 
3 0 
3 1 
2 
I 
I 
- 
25 
0 
0 
I 
3 (12% overall: 
8.3% operative 
deaths) 
B. Subsequent Course n Deaths 
Open VSD repair 
Decrease in VSD size 
Death before repair 
Awaiting repair 
16 3 
3 0 
I I 
3 0 
- 
22 4 (18% overall: 
18.8% operative 
deaths) 
*Multiple anomalies. Decision made to manage medically. PA = pulmo- 
nary artery: VSD = ventricular septal defect. 
ate sized ventricular septal defect. There were two early 
deaths in the 24 patients (8.3%) after initial coarctation 
repair; both deaths occurred early in the series and in 
patients with continued congestive failure postoperatively. 
One of these patients did not have pulmonary artery band- 
ing. There were three deaths (19%) in 16 patients at the time 
of open repair with one due to junctional ectopic tachycardia 
and two secondary to low cardiac output. One additional 
patient died before operative repair with a severe viral 
pneumonia. 
Follow-up catheterization (Table 3). Nineteen patients 
were restudied after surgery at an average age of 6.5 months. 
Recatheterization was carried out for clinical indications 
before reoperation. Three patients died before the time for 
recatheterization and three patients did not have recatheter- 
ization at our institution. There was no other selection of 
patients for recatheterization. There were significant de- 
creases in ventricular septal defect/aorta ratio, pulmonary 
artery/aorta ratio and pulmonary/systemic flow ratio be- 
tween the time of the first and the second catheterization. 
Control comparison study grollp. A group of 19 infants, 
aged 3 to 22 days (mean 11 t 4.5). with isolated coarctation 
and congestive heart failure were analyzed and compared 
with a subgroup of the 19 youngest infants with coarctation 
plus a large ventricular septal defect. Seventeen of the I9 
patients with isolated coarctation were reported on previ- 
ously (6). The subgroup with coarctation plus a ventricular 
septal defect ranged in age from 1 to 24 days (mean 9 5 7) 
and did not differ from the group with isolated coarctation in 
age, heart rate, cardiothoracic ratio, right to left ventricular 
peak pressure ratio, mean left minus right atrial pressure 
gradient, pulmonary arteriolar resistance or right or left 
ventricular end-diastolic pressure. The subgroup with coarc- 
tation plus ventricular septal defect did have a higher pul- 
monary to systemic flow ratio (2.8 versus 1.7, p < 0.001) and 
a lower peak left ventricular pressure (90 versus 123 mm Hg, 
p < 0.001) than the isolated coarctation group. 
Statistical analysis. Group data were compared with use 
of analysis of variance and unpaired two-tailed t test with 
p < 0.05 considered significant. Nonparametric comparisons 
were by Fisher’s exact test for discrete data. Linear regres- 
sion analysis was used to attempt to determine a correlation 
between pertinent variables. 
Table 3. Hemodynamic Data at Second Catheterization in I9 Patients* 
p Value 
(versus initial 
catheterization 
Mean + SD Range data) 
- Age (d) 195 + I84 41-862 G.001 
VSDlAo 0.60 r 0.33 O-l.06 10.01 
PA/A0 1.22 ? 0.31 0.76-I .86 <0.001 
RVP/LVP 0.92 ? 0.26 0.48-1.19 NS 
QPIQs 1.51 + I.10 0.30-3.40 <(I.001 
Coa gradient (mm Hg) 22 + 25 &SO NS 
LVEDP (mm Hg) 12 ? 6 4-25 NS 
RVEDP (mm Hg) 8?4 2-25 < 0.01 
LVEDV (% normal) 109 + 40 57-302 NS 
RVEDV (% normal) 124 + 38 57-177 10.01 
LVEF 0.60 2 0.13 0.3241.74 co.01 
RVEF 0.60 2 0.10 0.43-0.74 NS 
*p = unpaired f test with reference group of 24 patients’ inttial catheterization data. LVEDV and RVEDV = left 
and right end-diastolic volume. respectively; LVEF and RVEF = left and right ventricular ejection fraction, 
respectively: other abbreviations as in Tables I and 2. 
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Figure 1. Left ventricular end-diastolic volume versus body surface 
in 24 patients with combined coarctation and ventricular septal 
defect. Confidence (CON) limits are for 24 patients with a normal 
left ventricle. 
Results 
Left ventricular volumes. Left ventricular end-diastolic 
volume as a function of body surface area is shown (Fig. 1) 
for the initial catheterization in all 25 patients with coarcta- 
tion plus a large ventricular septal defect. The 90% confi- 
dence limits are for patients with a normal left ventricle. Six 
patients had an enlarged left ventricle and in five it was 
smaller than normal. Three of 5 patients with a small 
end-diastolic volume died and 4 of 20 with a normal or 
A 
A 
A 
enlarged volume died. This difference was significant by 
nonparametric testing (p < 0.05). 
Role of atrial left to right shunting. To determine a 
possible relation between atria1 left to right shunting and left 
ventricular volume loading, regression analysis was per- 
formed on left ventricular end-diastolic volume versus oxy- 
gen saturation step-up between the superior vena cava and 
right atrium. This relation was not significant (p > 0.10) and 
the r value was only 0.307. In addition, the superior vena 
cava-right atria1 oxygen step-up of ~5% was found in 2 of the 
5 patients with a small left ventricle, 5 of the 6 patients with 
an enlarged left ventricle and 8 of the 14 with a normal-sized 
left ventricle. Thus, there are no data that directly support 
enhanced atria1 left to right shunting in infants with a small 
left ventricle or decreased atria1 left to right shunting in those 
with an enlarged left ventricle. 
Rule of ductal patency. The possibility of ductal patency 
influencing left ventricular volume loading was also consid- 
ered because a right to left ductal shunt could cause less 
loading of the left ventricle with coarctation. By reviewing 
angiograms, ductal patency could be assessed in 24 patients: 
13 had ductal patency and 11 did not. Infants with a patent 
ductus arteriosus were younger (14 ? 10 versus 21 k 20 
days, p < 0.02) and had a smaller left ventricular volume 
(32 k 12 versus 47 k 15 ml/m2, p = 0.28; and 99 2 47 versus 
133 2 47% of normal, p = 0.50). Thus, these volume 
differences were not significant because of moderately high 
standard deviations. 
Left ventricular pressures. Left ventricular end-diastolic 
pressure in three subgroups of patients with either de- 
creased, normal or increased end-diastolic volume in the 
coarctation/ventricular septal defect group is shown in Fig- 
ure 2. Normal data from a previous publication (7) are shown 
with 12 mm Hg used as the upper limit of normal for 
end-diastolic pressure. Twelve of the 24 patients had an 
A 
COP. COA 
+EDV NL EDV t% 
Figure 2. Left ventricular end-diastolic pressure for 24 
patients with combined coarctation of the aorta (COA) 
and ventricular septal defect with decreased, normal 
(NL) or increased left ventricular end-diastolic volume 
UPPER & _ L.WT (EDV). The previously studied normal group of six 
NORMAL 
patients had a normal left ventricle. 
A 
A 
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Figure 3. Left ventricular ejection fraction versus age 
in 24 patients. 
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elevated end-diastolic pressure and either a normal or a 
small end-diastolic volume. Thus, 50% of the patients 
showed an abnormality of operative volume distensibility as 
defined by increased end-diastolic pressure in the presence 
of normal or small ventricular volume (10). 
Right versus left ventricular size and volume. Right and 
left ventriculography, performed in eight patients, showed 
an enlarged right ventricle in seven but an enlarged left 
ventricle in only three. In addition, the right ventricle was 
larger than the left in six of the eight patients. The average 
value for right ventricular end-diastolic volume was 173 i- 
47% of predicted and average left ventricular end-diastolic 
volume was 115 ? 48% of normal. 
Left ventricular ejection fraction (Fig. 3). In the initial 
catheterization, the ejection fraction was less than normal in 
14 (58%) of 24 patients; the average value was 0.47 t 0.17. 
There were 3 of 14 deaths in patients with a subnormal 
250 r 
ejection fraction and 3 of 10 deaths in patients with normal 
ejection fraction (difference not significant). One patient did 
not have a suitable end-systolic cineangiographic frame for 
calculation of ejection fraction. 
Isolated coarctation group. Left ventricular end-diastolic 
volume was compared in the isolated coarctation group and 
the age-matched ventricular septal defectkoarctation group 
(Fig. 4). Although there were four patients with enlarged left 
ventricular end-diastolic volume in the latter group, the 
overlap among groups was considerable and there was no 
significant difference between the mean values. Figure 5 
shows the ejection fraction for these same patient groups. 
Again, there was considerable overlap and no significant 
difference between mean values. 
Follow-up data. Left ventricular end-diastolic volume is 
shown in Figure 6 for the 14 patients who had follow-up 
catheterization performed from 1.4 to 28 months after the 
LVEDV 83fl6 % 
AGE IIk5doys 
Figure 4. Left ventricular end-diastolic volume for 19 P 200 
patients with isolated coarctation (ISOL COA) corn- 
o 
pared with I9 patients with coarctation plus ventricular 
d 
- t;i 
septal defect (VSDKOA). LVEDV = left ventricular 2 g ‘50 
end-diastolic volume: P = probability (p) value. - ps! -- 
wk 
_!L 
NS 
NS 
IOlf37 % 
9+7doys 
--- 
.e 
l!k 
0 
- 
ISOL COA VSDKOA 
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. . 
0. 
:t It! 
ISOL COA 
- 
A 
VSDKOA 
initial catheterization. Values were normalized on two pa- 
tients with a small end-diastolic volume at initial catheter- 
ization, including one patient whose left ventricular volume 
was only 50% of normal at initial study. Two patients with an 
increased volume at the first catheterization had a normal 
value at the second catheterization after pulmonary artery 
banding. There was only one patient with a low end-diastolic 
volume at the repeat catheterization. 
Seven of the 14 patients at follow-up catheterization had 
an initially abnormal ejection fraction (Fig. 7); in 5 of the 7 it 
normalized and in one it was almost normal. The patient with 
a continued abnormal value at 5.5 months subsequently had 
complete operative repair, and follow-up echocardiographic 
examination at age 2 years showed a normal area ejection 
fraction on short-axis imaging of the left ventricle. 
1 NORMAL 
RhiNGE - 
Figure 5. Left ventricular ejection fraction (EF) for the 
same patient groups shown in Figure 4. LVP = peak 
systolic left ventricular pressure; other abbreviations as 
in Figure 4. 
Discussion 
Role of elevated left ventricular diastolic pressure and 
abnormal operative volume distensibility in lack of volume 
loading. Our data indicate a lack of significant left ventric- 
ular volume loading in the majority of infants with coarcta- 
tion of the aorta plus a large ventricular septal defect. 
Indeed, end-diastolic volume in these patients was similar to 
that of patients with isolated coarctation. There are two 
probable explanations for the lack of left ventricular volume 
loading in this condition. The first is related to abnormal 
operative volume distensibility (IO) in these ventricles. The 
term “operative volume distensibility” is used advisedly to 
refer to the clinical findings of an elevated left ventricular 
end-diastolic pressure in the presence of a normal or de- 
A Pre COA Repair 
Age 19 f 17 days 
0 Post COA Repair 
Age 6.8 f 7.1 Mos. 
Figure 6. Left ventricular end-diastolic volume before 
and after coarctation (COA) repair for 14 patients with 
follow-up catheterization studies. 
E 
> 
c 
3 O- Pre COA Repair Post COA Repair 
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Figure 7. Left ventricular ejection fraction before and after coarc- 
tation (COA) repair in the 14 patients with follow-up catheterization 
studies. 
creased end-diastolic volume. This diastolic pressure eleva- 
tion could be due to a number of different mechanisms 
including but not limited to pericardial restraint, right ven- 
tricular-left ventricular interaction, incomplete ventricular 
relaxation and an intrinsic myocardial abnormality of the 
infant. Our studies (and the term operative volume distensi- 
bility) do not differentiate among these possibilities. 
Thus, decreased operative volume distensibility could be 
inferred from the findings in 12 of 24 patients who had either 
a normal or a decreased left ventricular end-diastolic volume 
associated with an increased end-diastolic pressure. Similar 
data were previously reported in neonates with isolated 
coarctation (6). The abnormal pressure-volume relation may 
be due to a multiplicity of factors including abnormal peri- 
cardial constraint, right ventricular volume loading influ- 
encing left ventricular filling characteristics and an abnormal 
compliance of the left ventricular muscle itself. Studies in 
newborn lambs (I 1,12) have also demonstrated a reduced 
operative volume distensibility compared with that of adult 
sheep. Thus, abnormal left ventricular compliance may be 
an intrinsic abnormality of the infant myocardium in humans 
as well as lambs. 
Leanage et al. (13) found left ventricular end-diastolic 
pressures >12 mm Hg in 22 of 37 infants <4 months of age 
with ventricular septal defect, coarctation and congestive 
heart failure. Because left ventricular volumes were not 
measured it remains unclear whether the infants had altered 
left ventricular operative volume distensibility. Leanage et 
al. (13) did find that end-diastolic pressure was significantly 
higher in the 12 patients who died than in the 27 who 
survived. We did not find such a discrimination. 
Role of atrial left to right shunting. A second variable 
theoretically operative in terms of ameliorating left ventric- 
ular volume overload in this clinical situation is atria1 left to 
right shunting. Shunting does occur through the foramen 
ovale in patients with isolated coarctation as well as in those 
with associated ventricular septal defect. The degree of left 
to right shunting frequently is sizable and can be augmented 
by decreased left ventricular compliance. We could not 
correlate atria1 shunting and lack of volume loading in this 
study, but the Fick method for assessing atria1 shunting is 
imprecise and more sensitive shunt measurements not avail- 
able to us might show such a relationship. 
Ductal right to left shunting. This was also considered as 
a possible cause for absence of left ventricular volume 
loading in our patients. Although the left ventricle was 
smaller in patients with patent ductus arteriosis, this differ- 
ence was not significant. We speculate that if we could 
quantify atria1 left to right shunting and ductal right to left 
shunting more precisely, both factors would be found to play 
a role in the absence of volume loading in this clinical 
situation. 
Small left ventricle and mortality. Our data suggest that a 
small left ventricle in terms of absolute size may be a risk 
factor for subsequent mortality. Despite this correlation one 
patient with a left ventricular volume only 50% of normal has 
survived and subsequently done well with reparative opera- 
tion. Three patients with a small left ventricle died. One died 
early after coarctation repair and pulmonary artery banding 
in severe congestive heart failure, one died 5.5 months after 
the same operation with a viral pneumonia plus mild conges- 
tive failure and one died with congestive failure without 
operation. Thus, size of the left ventricle, at least in ventri- 
cles with ~50% of normal volume, is a relative rather than an 
absolute risk factor for mortality in this situation. 
Left ventricular ejection fraction. The ejection fraction 
was significantly decreased in patients with this condition 
but showed normalization or near normalization in the 
majority of restudied patients. Indeed, an ejection fraction as 
low as 4% was subsequently normal at 3 months of age. 
There was no correlation between low ejection fraction and 
mortality. These data indicate that the low ejection fraction 
at the initial study was primarily due to severe afterload 
mismatch or low preload, or both. It is clear that no 
irreversible abnormalities of left ventricular contractile func- 
tion were present in the majority of these patients. There- 
fore, even severe depression of ejection fraction is not an 
indication of permanent cardiac muscle abnormality. 
Indications for pulmonary artery banding. This lack of 
volume loading in most infants with coarctation plus ventric- 
ular septal defect leads naturally to the question of whether 
to perform pulmonary artery banding in this clinical situa- 
tion. We have pursued a policy of banding for the majority of 
infants with a large ventricular septal defect plus coarctation 
and have shown decreased mortality for this approach 
versus coarctation repair alone in a small group of patients 
(5). We still believe this approach gives the best long-term 
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outlook in infants whose ventricular septal defect is ~80% of 
the aortic root diameter. We are currently reviewing all our 
patient data with regard to follow-up to determine if this 
policy should be modified. 
Conclusions. Left ventricular volume loading is rare in 
symptomatic infants with coarctation of the aorta plus ven- 
tricular septal defect. Decreased left ventricular operative 
volume distensibility plus atria1 left to right shunting, or 
ductal right to left shunting or combinations are the probable 
determinants of this finding although we were unable to 
correlate directly atria1 or ductal shunting and left ventricu- 
lar volume. Severe depression of ejection fraction is com- 
mon, but this abnormality of pump function is neither 
indicative of depression of intrinsic contractile function nor 
a risk factor for operative mortality. 
We thank Joy Phillips for expert help in preparing the manuscript. 
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